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MHA Exploration Titles
SMITHTON TROUGH

RL9/97 Redpa 6Kn?
Tertiary Limestone, Dolomitic limestone
& Dolomite.

RL10/97 Togari 5Km?
Dolomite.

EL 15/2005 M ontague 59K m?
Limestone, dolomite and dolomitic
limestone.

MHA Exploration Titles
ARTHUR LINEAMENT &
ROCKY CAPE GROUP

RL 1/2005 Thomas Mt. 5Km?
Quartzite and silica sands.

RL 1/2001 Meunna 2km?
Quartzite and silica sands.

RL 2/2006 Cann Creek 2kmz
Magnesite and Talc.

RL 2/1996 Champion road 2Km?
Silicaflour.

RL 8718 Keith River 5Km?2
Magnesite (Includes M1 Arthur
River Areq).

| RL 8717 Lyons River 5Knm?

Magnesite


http://www.pdffactory.com
http://www.pdffactory.com

Exploration Licence Applications 12/2008 235K m? Redpa, 13/2008 173K m?
Pulbeena, and 14/2008 235 K m?2 Montague River cover al the carbonate outcrop and
subcrop areas within the Smithton Trough.
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Simplified Geological map of North West Tasmania

GEOLOGICAL SEQUENCE N-W TASMANIA

QUATERNARY
TERTIARY - Merrawah Basalt
- Redpa Limestone
Unconfor mity
CAMBRIAN - Dundas Group equivaents

EO-CAMBRIAN -Smithton Dolomite

-Crimson Ck. Correlates

- Black River Dolomite

- Forest Conglomerate
Unconfor mity
PRE-CAMBRIAN - Irby Siltstone
-Detention Quartzite
- Cowrie Siltstone

-Arthur Lineament

Recent cover, beach sands and gravels.

Olivine basdlt

Sub basaltic LI M EST ONE and sands

Turbiditesin Christmas Hills area

Extensive banded to massive
DOLOMITE with minor
DOLOMITIC LIMESTONE and
LIMESTONE a Montague.

Turbidites and Basaltic lavas

DOLOMITE with minor mudstone
and chert

Orthoquartzite and conglomerate

QUARTZITE & SILICA SAND

Sheared metamorphics with extensive
MAGNESITE BODIES &
SAVAGE RIVER IRON
FORMATION
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REDPA RL 91997 (6Km*)  Approximately 30Km from Port Latta.

Explored extensively for Tertiary Limestone
Pre-Cambrian Magnesian Limestones and
Pre-Cambrian Dolomites.

Evaluation work has included
-23 hand samples, _
-26 hammer drill holes for 257 metres (mostly in limestone)
-7 shallow diamond drill holes (mostly testing dolomite)
-10 shallow hammer holes (to test the magnesian limestones)
- Seweral 250 tonne bulk samples for furnace testing.

The limestone was originally a wide spread sheet over a relatively flat lying Pre-
Cambrian basement. It now occurs as a series of remnant hills around the edge of an
extensive basalt sheet and most probably extending under the basalt cover.

The limestone is white to pink in colour and is generally dense and compact in
texture. There are occasional cavities and the limestone can be sugary immediately
adjacent to the cavity. Thickness from the drilling ranges from 1 to 18 metres and
averages around 10 metres.

The limestone averages 54.02% Ca0, 0.9% Mg0, 0.66% Si02, 0.17% Ti02,
0.28%A1203, 0,61%F¢203, 0.03% MnO2, less than 0.01% alkalies, 0.096% P20S5,
0.5395503, and 45.11% LOI.

Some 3Mt of high quality limestone is available in the Redpa area and additional
resources would be available along and under the basalt margin to the north and
south.

Furnace tests on the limestone at 1150 to 1350° C indicated the material remained
hard with no tendency to erumble or powder and that it would maintain integretyina
shaft kiln.

Magnesian limestone and dolomite occur as subcrop throughout the Redpa
Retention Licence. The rock is hard and marbalised but is very fine grained dense and

massive in appearance. It is usually light grey in colour but some of the magnesian
limestones tend to be lighter in colour and this difference is believed to increase with
depth. From the limited amount of shallow drilling it appears the magnesian
limestones predominate at Redpa but the true distribution is not et clear.

The structure in the basement rocks appears to be a broad shallow syncline and at
least 1000metres of section is present. Any resource of dolomite or magnesian
limestone is therefore very large.

The dolomite ranges from 31 to32% Cao and 18.8 to 19.5% MgO Silica is generally
below 0.2% although occasional spikes to 10% do occur.

The Magnesian limestone contains 36-50% Ca0, 5-16% MgO, 0.2 -1.4% Si02, All
other oxides are very low and LOT is 43,5-46.3%,
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REDPA DOLOMITE, LIMESTONE AND DOLOMITIC-LIMESTONE ANALYSIS
{weight percemtags)
(Al numbers are gverage % compeosition)

| Limastone | Mag-rich Limesione Dolomite
{Dolomitic Limestarna)
B 0.86 6.5 0.40
Tio, 0.7 | 0.04 0.013
AlC, 0.28 oz 0.31
Fa,0s 051 0.00 0.23
MnQ 0.03 0.01 0.008
0 g0 13.85 21,40
Cal 54,02 EEKT 30.41
[ NazO <0.01 0.23 012
7] <0.01 QT -
P:0s 0.056 0.037 .
8G; 052 0.51 "
Cul ; . | 0.0008
C0; - - 0.0008
(Lol [ 4511 | 45.33 14897

: Limestone Outcrops Redpa area.
(limestone — yellow, basalt - green, Basement dolomites and
magnesian limestones uncoloured)
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RETENTION LICENCE - RL 9/1997
HIGH GRADE PRE-CAMBRIAN
DOLOMITIC LIMESTONE - REDPA

SURFACE OUTCROP AT CARBONATE HILLS
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RETENTION LICENCE — RL 9/1997
HIGH GRADE TERTIARY
LIMESTONE — REDPA

SURFACE OUTCROPS AT CARBONATE HILLS
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Outcrop of Marrawah Basalt with boreholesinter secting Tertiary limestone

11

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

TOGARI RL 10/1997 ( (Km*) Approximately 70 Km from Port Latta.

Explored solely for Pre- Cambrian Dolomite.

- 41 shallow backhoe pits were dug to provide depth of soil overburden and to
provide samples of the dolomite,

- 5 hammer drill holes along existing track

The Togari area lies on the steeply dipping east limb of'a major anticline and with a
stratigraphic thickness well in excess of 1000 metres very large reserves are certainly
available. However the dolomite is generally low lying, covered by a thin soil layer,
and is usually only exposed in drainage trenches. Where it can be seen the dolomite
is greyish in colour, and is a hard massive fine grained marble. An average assay of
the material is. ..

TOGARI DOLOMITE ANALYSIS
[weight percentage)
(All numbers are average % compaosition)

Si0, [ 0.44
TiCs 0.0
AlalOa 0.54
FeyCh 0.24
MO 0.005
| MaC | 1982
cal | 3286
Na.0 i D.08
X0 i -
Pals i
3G, ! ~
L.O.! | 4818

This compares more than favourably with average grades of existing suppliers. ..
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Supplier Togari BHP Ardrossan ACI Mt Gambier
Si02 0.44 200 1.0
Ti02 0.01 0.01

| ARO3 0.54 0.39 0.5

| Fe203 | 024 0.80 0.21
MnO 0.005 0.14
MgO 19.62 21.00 18.8
Ca0 | 3286 29.00 33.7
Na20 | 0.08 )
K20 - 0.048
P205 - 0.05

803 - 0.15

~ LOI 461 46.40 -
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= \ HINERAL HOLDINGS AUST PTY LTD
i & Rockehip somple Location

Parcussive drillhole Location
brain
State Forest Boundary

Yehicular Track

323,000mE

RL 10/1997

=
1{
T 1-42 Dolomite rockchip sample, 1991, 1995 E E G :
T bulk sample (500kg), 1995 §
TP 1-10 Percussion Holes, 1996/97

MHA DOLOMITE SAMPLING & DRILLING, BRITTONS SWAMP
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GORNDON 1. BARNA
Wors Temalde il
Crepaeiln Cantily and Enginsesing = — —_—

Mr, Nell M. Thomas, Chairman June 28, 199k
Tominex Pty. Lid.

2nd Floor

135 Collins Strest

Malbourne, Vic., Australia 3000

Fax: 011-513-9650 3855

RE: TOGARI DOLOMITE
RETENTION LICENCE RL 10/1997

Dear Mr. Thomas:

Referenca to the above subject covared in your leiter of June 27th, | have
reviewed all the XRF data provided. 1 further eliminaled samples TPI 11-15M
washed and unwashed as statistical outliers, and then averaged all the remaining
dala

The aftached data sheet then compares washed to unwashed versus National's
dolomite mined et our Natividad Plant in California. Note that the mineralogy

calculations assume a stoichiometric Ca0O/MgO dolomite, whereas most dolomites
can be enriched with gither oxide. Thus, in this table | have shown the excess
Ca0 as caleite which could mean this is calclte or enriched lima-dalomite.

The Togari dolomite shows very similar chemistry and mineralogy to National'e.
The difference between thé washed v.s. unwashed is the reduction in quartz. For
steel mill applications, washed v.s. unwashed would be unnoticed, since the silica
ends up in the slag.

{Lmiu lma:ywhaﬂumh@wﬂydmﬂel )

Bes! Regards,

e Kl

Gordon L. Bama
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Dolo

WWWM
Dxids Ma0 G0 AROY B0 Fei03d L1

Minegl
Diolomite 10.58 2741 4126
Calclla 5.00 4.00
MA Spinal 0.00§
Pyrite 0.14 0.07 2.21 0.4
" Anmvthite 0.07 D.13 018 .24 0.35
Quariz 0.13 . D13 0.13]
Folals 10.58 Y2y A X ] 530 T 4752 i00.02] 100.00f -
Odde  MaD  CaD  AlZ03 8102 a0l 7] mill:nnma
Minerml . opark
. unwashed
Dolormiie 10.52 2712 i2.82 025 2825
Caicile 5.48 427 9. 73 .71
MA Spinel
Pyrite ' DA7 0.09 0.26 0.26
Anorihils 0.08 0.1+ 0.18 0.38 0.38
Quartz 0.57 0.57 0.57
Totals 18,52 3285 01: 073 047 4808  100.48] 10047
Oxlde Moo Ca0  Alzoi  9l0F Feiod Toisi] Sampis |
Mineral MC
Matividad
"Dolombts 20.01 29.08 45 B7 9584 86.85
Caicite . 28 179 4.07 A.0B
MA Spinel 0.00
Pyiile 013 0.07 0.20 0.20
Y Anarihile .05 oCce o011 0.25 0.25
Quueartz 0.49 .49 0.49
Totals 20.01 S D T R 1.1 013 A%L3  10C.84] 100.80
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Logarl

fﬁﬁhﬂt DOLOMITE ({ EL.33/80 TASMANIA)

2B-Jun-88
Togar Tog i NRMC
Chemisiry Washed Unyiash Natividad
Cal 32.57 32.85 31.30
MgO 19.56 19,52 20.81
Sl 0.28 073 060
Fex0a 0.14 017 0.132
Al 0.13 0.14 p.ﬂﬂ
L 48,00 47.32 48 84
Total * 4100.88 12063 90,86
Mineralogy
Dedomite 80,22 : RA.25 . 85,85
' Calcite, 9.08 8.7 4.08
Pryrifa 0.21 0.28 0.20
Anorthita 0.35 038 0325
[Juariz 0.13 0.57 0.49
Total 100,00 10047 100.85
2
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PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

MONTAGUE RIVER EL 15/2005 (59K m?)

Explored for Precambrian Limestone
Precambrian Dolomite

Evaluation work has involved
- Geological mapping
- 33 hand samples
- 12 hammer drill holes (testing for limestone) 2215metres
- Upgrading by crushing and screening.

The Dolomite outcrops poorly along the banks of the Montague River and in arestricted
area 2km south west of Montague. The dolomite is adirect correlate of the Smithton
Dolomite. It is about 1200metres in stratigraphic thickness and dips to the east along the
west limb of the Smithton “Trough” or syncline.

Therock isahard fine grained marble. It is dense and massive to crudely banded in
appearance and is generally white to light grey in colour.

The average of fifteen chip samples, taken over widths of 5 to 20 metres, is 33.1% CaO,
18.9% MO, with 0.3% silica, 0.12% Fe203, 0.5% Al203, 0.2% P205, 0.03% Alkalies,
0.01% MnO, and 0.05% TiO2. LOI is 46.4%.

The dolomite ishigh grade and isidentical to the Togari dolomite which occurs some 15
to 20 Km to the south along the same stratigraphic horizon. It would no doubt behave
similarly in furnacetrials.

The Precambrian L imestone was first detected in one very high grade samplein an area
of supposed dolomite outcrop 2 Km south west of Montague. The rock was much darker
than the typica dolomite. It was very fine grained and structureless but assayed 55.2%
Ca0, 0.66% MgO, with 0.11% Fe203 and Al203 and 0.87% SiO2.

Outcrop in the areais very poor but geologica mapping indicated anumber of small
isolated outcrops of limestone from 1 to 3 square metres in extent. Follow up sampling of
all the available surface outcrops confirmed the high grade low impurity nature of the
limestone with CaO values in the order of 55%. The oupcrops form a zone about 50
metres in width and 500metres in strike length. The dip changes from amost vertical in
the north to about 20 degrees to the east in the south. Dolomite outcrops that lie adjacent
to the limited limestone exposures commonly show fine bedding and banding.

12 shallow hammer holes (straight air blast with no reverse circulation) were devel oped
as afirst passtest of the limestone. The drilling system was a poor choice and results
were inconclusive with either extensive contamination or the presence of shale and or
dolomite bands which did not outcrop. Only 4 of the holes ( D,E,F and G) intersected
anything like the surface material with the rest containing 2 to 9 % MgO with 8 to 28 %
silicaand high iron and alumina values. It isimpossible to reconcile the drill results with

18
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the surface sampling and clearly diamond core drilling or trenching is necessary to see
exactly what is going on.

Further prospecting has located additional high grade limestone occurrences. Samples 25
(over 10 M) and 26 (over 20m immediately west of 25) returned CaO values of 55.2 and
52.7% in a zone close to the base of the Smithton Dolomite 4Km south of Montague.
Sample 33 was taken over a 15 m zone 100 metres west of the drilled area and returned
51.1% CaO. There would appear to be at |east two additional limestone horizons.

Amdel was requested to evaluate simple crushing and screening as a method of
upgrading an already high grade sample. The primary crushing of sample 25 was used
with aseparation of +1.18mm and -1.18mm. The result was quite spectacular as dightly
more than 20% of the Si, Ti, and Fe and slightly more than 40% of the AI203 reported in
the -1.18mm fraction which made up less than 2% of the sample.

Table 1. Assays and Element Distributions for Montague River No. 25 Sample

Element Dataction Assay (%h) Haad Assay (%) Distribution (%)
Limit 1.4 48 mm| -1.18mm [Calculated Actual™ [+1.18 mm| -1.18mm | Total
SO, | 001 | 018 28 0238 014 | 784 216 1000

TO, | 0005 | 0003 0035 0003 <0005| 790 210 1000

ALOs | 0.01 0.02 072 003 005 | 584 406 1000 |
Fe,0; | 0.01 005 088 007 0.07 74.9 251 100.0

| FeO | 01" | 005 07 006 <01 | 790 210 1000
| CaD | 001 | 650 52.0 54.84 552 | 982 18 1000
| MaO 0.01 | 14 1.19 1.40 1.1 98.4 1.8 100.0
MnO 0.01* 0005 001 0.1 <0.01 96.3 37 100.0
| K0 001" 0.005 0.27 0.01 0.01 493 50.7 100.0
Na,O 0.01* 0.005 0.08 0.01 <0.04 81.4 18,6 100.0
P,0x 0.01 0.02 003 002 <001 | ©o72 28 1000
o | oot 432 424 43.19 438 | 982 18 1000
H,0 0.01 0.04 20 0.08 0.35 51.3 487 100.0
Total W00 1029 1000 100.7
Sizing
Wi % Wi, {g)
+1.18 mm| -1.18mm | Totai [+1.18 mm|-1.18mm | Total
38.13 1.87 10000 | 517.81 ©.85  527.76

L
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Typica limestone outcrops at Montague. Small isolated outcropsin flat with shallow soil
cover.
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Exploration Licence Applications 12/2008 235K m? Redpa, 13/2008 173K m?2
Pulbeena, and 14/2008 235 K m? Montague River.

These Licence applications cover dl the carbonate outcrop and subcrop areas within the
Smithton Trough and include The Smithton Dolomite and the stratigraphically lower
Black River Dolomite. The aim isto actively explore the areas for additiona high grade
l[imestone lenses similar to the Montague Limestone in EL 15/2005.

LOOKING TO THE FUTURE

Limestone, dolomitic limestone, and dolomite are among the most widely used industrial
materias. The raw material isused in everything from dimension stone, crushed
aggregate, agricultural stone and awide variety of fillers. In most casesit isthe “look”,
the colour and the toughness of the stone rather than its chemical purity that is the most
important feature.

On the other hand huge quantities of carbonate materials are calcined to lime, dolomitic
lime, and magnesiafor awide variety of industria uses. Important features of the
calcination process are outlined by Andrew Graham of Mineral Strategies Pty. Ltd. in
Appendix 1. In essence the application of heat bresks down the carbonate to a mineral
oxide and CO2. Roughly haf the weight of the raw materia is driven off as CO2 so any
impuritiesin the rock essentially double in the burnt product and purity of the raw
materia is much more critical in the production of calcined products.

Limeisan essential industrial chemical, with aformidable list of uses. It is used as a flux
in steel making, in akalies, soda ash and other chemica products, in glass making in
agriculture and as aneutralizing agent in many chemica and metallurgical processes. Up
until fairly recently high calcium lime was the major calcined product used but as
Andrew Graham points out in a series of articles presented in Appendix 2 the usage of
dolomitic lime is increasing in some of the newer steel making processes and as a
neutralizing agent and waste purifier because of its inherent higher reactivity. About the
only usage which dolomitic lime cannot be substituted for high calcium limeis in cement
manufacture where the magnesia content of Portland cement iscritical at less than 5%
and only relatively pure limestones can be used.

Andrew Graham a so believes the advent of carbon trading will have amajor effect on
the composition and physical characteristics of the carbonates used to produce calcined
productsin the future. His arguments are outlined in Appendix 3 and are basically;
Lessheat (or fuel) isrequired (and therefore less CO2 is produced) to calcine
dolomite rather than limestone.
The calcined dolomite is a better and more reactive product which is also cheaper
to produce.
CO2 released in the decomposition of the carbonate can be trapped and
sequestered from avertical kiln whereas it cannot be trapped from a horizontal
kiln.

23
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A vertica kiln usesless heat (fuel) and has alesser retention time (and therefore
produces much less CO2, from fuel burning, during the heating process) than does
ahorizontal kiln.

The less efficient horizontal kilns are the main suppliers of lime at present simply
because coarsely crystalline and shell type carbonates are the most easily
accessible source of carbonate. Coarsely crystalline limestones, marbles and shell
carbonates break up and powderise (or decrepitate) during calcination. They don’t
burn correctly, tend to clump together, and severely disrupt the air flow in the
heating chamber. These types of carbonates require amuch longer retention time
in the furnace and can only be successfully burnt in avertical kiln.

The coarsely crystalline limestones, marbles and shell carbonates remain cheap
source of lime while CO2 is not taken into account but will become costly with
carbon trading due to the extra heating time and especiadly if the released CO2
cannot be trapped.

Only very fine grained or cryptocrystalline carbonates can be used in vertical
kilns as the heat is uniformly transferred through the rock more efficiently and
this type of material isideal to take advantage of the shorter heating time and
potential to trap released CO2 in the vertical kiln.

Graham suggests that as carbon credits are introduced the ecomonics will change
drastically so that vertical kilns which are more heat efficient and allow trapping
of the released CO2 will become the norm.

If that is the case then cryptocrystalline carbonates like MHA'’ s limestone,
dolomite and dolomitic limestones will be required in preference to normal
crystalline limestones which will cost much more both in heat and CO2 credits to
process.

Dolomites as a source materia will aso be preferred as they produce amore
reactive product with less heat input.

MHA'’s carbonates contain very little in the way of impurities which will use less
waste heat in processing and a better product.

MHA’s cryptocrystalline car bonates will become a premium product. The
use of vertical kilnswill provide major processing cost savings (less fuel and less
CO2 produced in the burning of that fuel) through lower cost of heating, less
retention time in the kiln as well as the ability to trap the released CO2 from the
calcination process.

In Appendix 3 Andrew Graham has assessed the potential of the major sources of
carbonate around the Pacific Rim and ranked them as to their suitability for kiln
performance and energy usage. The tables are reproduced here and MHA'’s carbonates at
Redpa, Togari and Arthur River rank very highly. Background data for the ranking is
provided in Appendix 3.
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Appendix 1

Andrew Graham on

Considerations in relation to the calcinations of
various carbonates.
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" Ly
Considerations in relation to the calcination of various carbonates [l ‘ ‘

Introduction

World wide more than a 120 million tonnes of guicklime (lime) and dolomitic lime are
producedevery year. In addition, around 11 million tonnes of magnesite rock is mined every
year for producing various magnesium based materials (i.e. Mg-oxide, Mg-hydroxide, Mg-
chioride, Mg-sulphate and magnesium metal).

High purity limestone contains between 87 and 98% calcium carbonate (CaCQs) whilst high
quality dolomite contains approximately equal parts of calcium carbonate {CaC04) and
magnesium carbonate (MgCO;). High purity magnesite is similar to limestone in that it
contains between 97 and 89% magnesium carbonate (MgCO;).

From Figure 1 below it can be seen that limestone, magnesite and dolomite form part of a
solid solution series where there is, theoretically, any combination from 100% calcium
carbonate to 100% magnesium carbonate with a pure dolomite at the 50:50 position.

Betwaen the dolomite and the limestone we have intermediaries known as dolomitic
limestone and magnesian limestone, and, between the dolomite and the magnesite we have
magnesian dolomite and dolomitic magnesite.

When comparing various carbonate materials we need to take into account the chemical
differences and how these can affect the calcination process.

Figure 1: Phase diagram showing the solid solution series between limestone and magnesite

Limestone
CaCOy
Dolomite
‘3‘”9‘“0*/” <
Magnesite
MgCCh

Calcination Process

The calcination or burning of limestone, dolomite and magnesite is a simple chemical
process. When heated the carbonates thermally decompose according lo the following
equations:

CaCO, + approx. 3,180 kJ (760 keal) = Cal + CO;

CaMg(CO4)s + approx. 3,050 kJ (725 kcal) = CaQ.Mg0 + 2 CO;

MgCO, + approx. 2,920 kJ (700 keal) = Mg0 + CO;
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The decomposition temperature depends on the partial pressure of the carbon dioxide
present in the process atmosphers. In a combustion gas atmosphere of normal pressure and
25% CO;, the dissociation of limestone commences at 810 °C. In an atmosphere of 100%
C0;, the initial dissociation temperature would be 800 °C. Dolomite decomposes in two
stages starting at approximately 550 *C for the MgCO, portion and approximately 810 °C for
the calcium carbonate (CaCO,). A high purity magnesite (MgCO,) will begin to thermally
decompose as low as 350 °C.

It requires approximately 1.8 tonnes of limestone, comprising 98% CaCO,, to produce one
(1) tonne of quicklime (Ca0); approximately 2 0 tonnes of dolomite. comprising equal parts of
CaCQO; and MgCO; to make one (1) tonne of dolomitic ime (Cal MgO) and 2.15 tonnes of
magnesite, comprising 98% MgCO;, to produce one (1) tonne of magnesia (Mg0O).

In arder to fully caicine the stone (whether it is limestone, dolomite or magnesite) and to have
no residual core, heat supplied to the stone surface must penetrate via conductive heat
transfer to the core. A temperature of 900 °C has to be reached in the core at least for a
short period of time since the atmosphere inside the material is pure COs. The stone surface
must be heated to greater than 900 °C to maintain the required temperature gradient and
overcome the insulating effect of the calcined material on the stone surface, When producing
soft-burnt lime (including dolomitic lime) the surface temperature must not exceed 1,100 to
1,150 °C as otherwise recrystallisation of the Ca0 or Cal.MgO will occur and result in lower
reactivity and thus reduced slaking properties of the burmt product

A certain retention or residence time is required to transfer heat from the combustion gases
to the surface of the stone and then from the surface to the core of the stone. Larger stanes
require longer time to calcinate than smaller ones — which also has implications from a
production aspect depending on the strength of the stone and its tendency to break down
into smaller size fractions (additional energy cost). In principal, calcining at higher
temperatures reduces the retention time needed. However, too high temperatures will
adversely affect the reactivity of the product. The relation between burning temperature and
retention time required for different stone sizes is shown in the following table

Stone Size Calcining temperature Approx. residence time
[mm] [*C] [hours]
a0 1,200 0.7
30 1,000 2.1
100 1,200 28
100 1,000 B3

The grain size and the crystal habit of the stone is also very important in terms of the
calcining dynamics. Heat transfer is more effective when the stone is fine grained or
cryptocrystalline as compared to a coarse grained or macrocrystalline material. The
boundaries between the individual grains are also important as these markedly affect the
heating dynamics in terms of heat transfer efficiency. These grain size characteristics are
somewhat affected by the depositional environment but are particularly affected by any
regional metamorphic events that may have occumed. Temperature and pressure
(metamorphism) changes result in recrystallisation and under certain conditions will result in
a major change in the grain size of the stone.

For example, the Penrice Marble Unit in South Australia was the result of a limestone that
underwent high grade regional metamorphism {amphibolite facies) and became a coarse
grained (saccharaidal) marble with both intra-granular (some of the grains were large enough
that they lost internal strength) and inter-granular strength losses.

Depending on the exact nature of the metamorphic event the grain boundaries may become
highly strengthened (sutured grain boundaries) or somewhal weakened (refrograde
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metamorphism). The heat transfer characteristics of the stone will be dictated to by these
agrain size characteristics.

When heating the stone there is a tendency for some stone types to break down along
minute fracture systems or even for the grain itself to break (thermal shock) and become part
of a granular mass that no longer contributes to the calcining process. In fact, if enough of
this material is generated it can have a highly adverse affect on the total heating dynamics
within a kiln. This tendency of carbonate materials to break down in a kiln environment is
called decrepitation.

The decrepitation potential of a carbonate material is directly proportional to its grain size and
both the intra-granular and inter-granular (boundary) strengths which can be quite well
represented by the overall compressive strength of the stone. A material that has a tendency
to decrepitate will have a significantly detrimental impact on the overall performance of the
stone. A decrepitating stone will create heat shifts within the kiln (by interrupting the air flow
dynamics) and as such some of the stone will become hard-burnt and some of the stone will
be under-burnt. In both cases the reactivity of the final lime product is affected.

Conclusion

The ideal carbonate material is one that exhibits a fine or eryptocrystalline grain size and
which has a high compressive strength. This material will have a tendency to remain intact
throughout the heating process (little or no decrepitation) and will result in a superior end
product due to more complete calcining in a lesser residence time.

When assessing any carbonate material and especially its impact in terms of CO, emissions
these factors must be taken into consideration,
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Appendix 2

Andrew Graham on

1. Re Carbonate Resources and A ssociated
|ssues September 17, 2007

2. An Overview of Dolomite and Dolomitic
Quicklime as Huxing agents in the Steel
Industry (inc. Hismelt)

3. Re Cryptocrystalline dolomitic limestone
resources in Tasmania.
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Andraw Graham - Princis! 3 i
Rofn i Miners] Strategies Pty 11d
Gaoldan Gravg, 54, 5128 ABN g o 560 iy

Mobile. 0414 648 T84
PhiFax; ©OF 8251 5358

Emai.  amarahamdSernam.eer.ay

Mimeral Haldings Australia Pty Limited
11 Kent Court

Toorak, Victaria

Australia, 3142

Septembar 1T, :?UIJ?

* Re: Carbonate Resources and Assoclated Issues ~

F

Dear Nail

Following our discussions over the last few days | am pleased to send you my thoughts in relation
tc some of the major issues we discussed. Given the considerable dermands on my time | am
unable to be-as comprehensive as | would like but most of the critical issues have been
addressed to séma extent

Firstly, | believe that the carbonate resoureas) that you currently hold are world-class in terms of
their chemical and physical make-up and do provide very real market-capture cpperunities
across the whole product scope (i.e. raw materials through to tertiary processing end-products).

Indepandent Study

As you are well aware | am in the |atter stages of praducing my own independent study into the
carbonale markets and have, to date, identified markets in forty-eight (48) distinct industries over
eight (8) major sectors for eight (8) carbonate or carbonate derived products, This study is well in
excess of 400 pages and has identified and cateqorised aver 1.5 million tonnes af annual product
sales,

Indusiry Oppartunities
As far as MHA's resource(s) are concemed your blessing could also ba your curse without the

right focus. Having all three major carbonates Fmagngsite, delomite and limestone — present
certainly provides a great many developmant options but this needs to be termpered with a strong
cenviction as to which market sectors will become the primary facus fellowing development.

This will, of course, be determined by & great many factors not least of which is, what demands
already exist and what demands will be created in the short 1o medium term.

For example, the Hismell plant {currently being constructed) in Kwinana, Western Australia not
only represented (past tense as contract has already been awarded) an excellent markat
opportunity (will ullimately require 150,000 tonnes per annum of low silica, dolomite) but it flags

the strang likelihood that the steel indusiry (in a global sense) will undarge seme major shifts in
the next few years,

The Hismalt Process is essentially a Direct Ironmaking process that consists of a vertical, watar
cooled Smelt Reduction Vessel (SRV) that can be considered as a replacement for a traditional
biast furnace. The SRV provides the opportunity to utilise low grade iron ores that would
otherwise be unacceptable feed stock for a blast fumace as well as enabling environmeantally
sensitive sinter plants and coke ovens to be eliminated all together.
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In addition, the Asian markel place is growing rapidly in terms of the electric arc furmace industry
and az such the SRV represents a means by which high quality, low cost iron metallic feedstock

can ba produced,
Why is this important?

It is important because the current and new generation SRV's will require high grade dolomite as

a direct injection raw feed and it will target those dolomite resources that are able lo provide a low

silica material with appreciable magnesium units, As further explanalion | have attached a brief
“ariicle on the use of dolomite and dolomilic quicklime in the steel industry.

OneSteal’'s Ardrossan Dolomite

The Hismelt oparatien in Kwinana will ba soureing its delamite fram the OnaStee| dolamite
aperation near Ardrossan on S5.A.s Yorke Paninsula, The dolomite will be supplied as a minus
11mm rubble (ie. nat single sized) and will be shipped from the Ardrossan port facility in parcel
sizas of around 20,000 tonnes, The initial contract period is likely to be two (2) years.

As discussed | have some mixed feelings in relation to this supply contract as | wae responsible
for developing the grade control model (1991) for the Ardrossan operation fallowing almost five
months of systematic grade contral drilling and feel that thera are some inconsistencies in the
infarmation that has come te hand.

Whilst the Ardrossan dalemite weuld ganerally be considerad as a high grade rescource, the
development drilling did determine that there was considerable varnation in the magnesium
content and the presence of a well developed karstic topagraphy maant that large sinkholes with
free flowing sands and other assoclated contamination issues were comman, In addition, it is my
view that the high water flows that were expariancad during the driling campaign will hinder
production in the future,

One additional independent study and one commissioned study that | undertook in February,
2003 focussed on liming agents {*} and dolomite fines (*~) respectively and analyses received
from the Ardrossan oparatian on their minus 11mm product were certainly much higher grade
than | had expariencad during my considerable involvement with that operation. This may reflect
a greater tendency to *hi rads” the pit which would significantly affect the kfe of the resource

(needs further invastigation).

(") A Discussion on the Major Liming Agents in South Australia and the Associaled Commercial
Opportuniies, February, 2003. (B major products were analysed and discussad).

(**} Domestic and Export Sales Opportunities for Dolormite Fines from CSR Readymix (S.A.)
Operations af Riverview and Mantacute Quames, February, 2003,

Quicklime Industry

As discussaed the quicklime industry offers a lot of scopa for those who are able to sea the frue
cpportunities. All the major players would have us balieve that the market is well and truly locked
away and in some cases over-supplied. This is not a true reflaction of what is occuming as my
current investigations are indicating.

Lat's consider the Westemn Australian market place. There are four major lime producers in
Western Ausiralia who provide approximately 900,000 tonnes te the market place. The largest of
these operations (and one of the largest quicklime plants in the world) is owned by Cockbum
Cement and is located at Munster approximately 30 kilomatres south of Perth, This plant currently
preduces in the region of 400,000 tonnes of quicklime annually from lime shells dredged from
Cockburn Sound.
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It should be noted thal not only is the dredging an environmentally sensitive issue thal has
received consicerable apposition but the quicklime plant iz unable to cperate using any othar raw
material saurce (e, purpoass buit).

Virtually all of the current quicklime production in Western Auslralia is of a low grade form with
calcium oxide values oflen around 70 per cent. Nevertheless, quickiime users in WA, ara
considerad to be paying (typically) 10 — 20% more for their lima (on an squivalent CaO basis)
than in other developed countriss. Cument prices are around AUDS100 - AUD$120 per tonne
imglying that the WA, market ia warth in the vicinity of AUDS100 million per annum

Current production capacity is thought to be around 1.2 million tonnes per annum.

The Exmouth Limestone deposit has been touted as the saviour in terms of providing a raw
material for high grade quicklime manufacture but it has never gotten off the ground for a number
of operational and managerial issues that | will not go into at this stage.

i tarme of snd users the alumina industry (via Alcoa) is the |largest quicklime consurmer with
approximately 500,000 tonnes being consumed annually, Alcoa primarily use the quicklime as a
"cheap’ means by which they can recover caustic (sedium hydroxide) from their process siream
for re-use in the plant. The Alcoa operations in W A, are some of the lamgest alumina operations in
the world and as such are flagships for the Alcoa Corporation. However, environmental issues
have been more prevalent in recant years and have placed further pressures on the W.A,
govermnmant in terms of approving the latest upgrade plans at the Finjarra operation.

The Finjarra operation wants fo expand by anather 400,000 fonnes per annum which could
potentially see another 50,000 tonnes of quickime enter the markat place,

What is the importance here?

The emvironmental lssues surrounding the alumina industry include the efficiency at which the
caustic can be recovered. This in tumn is a direct reflaction on the ability of the quicklime to
facilitate the recovery process. The lower grade the quickime the less efficient the recovary (this
also has a major cost implication as caustic is a very expensive reagent).

This offars a major opportunity to the right group. The W_A_ quicklime market could be
gignificantly affected by tha introduction of a very high grade quicklime (which requires a high
grade limestone) as Alcoa wauld be willing ta make the switch in order to improve their caustic
recoveries and address some of thair environmental issues,

The reason it hasn't cccurred to date is simply because of Cockbumn Cement. They have a
400,000 lanne gquicklima plant which cannet eperate on any other raw materal than the lime
shells dredged from Cockbumn Sound. They have a vested interest in maintaining the indusiry
exactly where it is despite the fact that the quicklime consumers have to be content with a low
grade product.

This statement is borne out by the fact that Cockbum Cement have a near new Maerz twin shaft
reganarative lime kiln of approximataly 80,000 — 100,000 tpa capacity sitting idle at their Kwinana
cparatian

The question is not so much as to whather the market should be shaken up but whether the
quicklime is best produced |ocally or closer to the desired raw material source (e.g. Port Latia).
There are cbvigusly a range of logistic and commercial issues attached to this decizion.

A new player in the market place would be aided by the curren! inflated prices and tha vary real
distinction thal they would be tha anlu hinh Arads mnicklime mrmdder is e cbeie
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Magnesia Opportunities
Thara has baen a lot of talk in recent years regarding magnesium metal manufacture and at ana

stage thare wers B new magnesium metal plants being proposed for development In Australia
(the world market could sustain 2 — 2 plants in Australia). Howevar, given the axtremaly poor

performancea of the AMC project in Queensland the entire industry has received a lot of bad press
and has basn sormewhat tarnished in the eyes of potential investors.

This has made discussions around magnesia related issues somewhat more difficult as people
often do not maka tha distinction betweaen the warious end producis.

[ have vary litlle intarest in the magnesium metal industry but | have considerable interest in the
varous magnesia products including magnesium bicarbonate and magnesium hydroxide and in
fact Minaral Strategies is a leading crganisation in the development of specialist magnesium
based cements and binders

The capital required to launch a magnasium metal operation is generally between ALIDSA50 and
31,200 milllen depanding on the siza and configuration. Howeaver, for a fraction of that cozt a
calcining operation (and pessibly additional on-processing streams) could be established to
produce various magnesia grades whilst siill realising a reasonably significant proportion of tha
gale prica attributable to magnesium metal

In other words, why risk the producing Mg melal when the economics (not to mention the much
lower rizsk) of producing the precurser materials ars far more attractive.

In this regard, MHA hold a significantly afiractive resource in tarms of raw material quality as well
as access to natural gas and a deep port faciity which are major considerations for establishing a
calcining facility and tapping inlo the significant export market cpportunities (have identified
numerous opportunities via my indepandent markel study / analysis).

Concluslons

The carbonate market is alive and well and thera are numerous opportunities in both the
damestic and intemational market place. However, a focussed approach is necessary and as
such | would advocate that 3 or 4 primary markets be singled out for attention and fully developed
through to an investor-ready status.

Andraw Graham
BAppSc MEconGeal QM Cert MAus(han MIQ

Attachmant: Overview of dolomite and dolomitic lime in the steel industry.
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An Overview of Dolomits and Dolomitic Quicklime as Fluxing Agents in the
Steel Industry (Inc. 1) and the Implications for the MSP Grou

In arder to provide adequate protection io the refractories used in the steel industry there are
twe (2] eritical factors that must be controlled

1. Slag Basieity — which is the ratio of the quicklime (CaQ) compenent to the combined
siliea (5i0;) and alumina (Al;0s) components, and is ganerally expressed as
B = %Cal ! (9%65i0; + % AlD.), and

3 The maintenance of a slag saturated with magnesium (8 — 15%).

In many steel plants around the world these two (2) factors arae attended to through the
addition of quicklime (Ca0) and magnesite (MgCO,) to the reaction vessel. Thesa raw
materials are referred to as fluxing agents.

Numeraus studies have been conducted, worldwide, in relation to fluxing agents in the steel
industry with the manner and rate of dissolution of the fluxes smerging as primary
considarations. Fortunataly, the rate of dissclution of magnesite and delemite are essentially
tha same for similar conditions indicating that substitution is possibla.

Studies conducted in the United States have shown that as long as the basicity is below
about two, delomite should readily replace magnesite in the fluxing process whilst also
contributing important calcium oxide (Ca0) units.

As far as the Hlzmelt (Kwinana, W.A,) slag is concermned it has the follewing properties:

Calcium Oxide{Cal) 358 %
Silica {SI0;) 29.4 %
Alumina (ALC) 174 %

This gives a basicity (Ba) = 36.8/(29.4 + 17.4) = 0.79 which is less than the critical value of 2
for which dolomite can readily substitute for magnesite. :

Furiher to this, studies have alsa shown that delomitic quicklime (calcined dolomile) is alse
wall able to substitute for magnesite as well as providing direct CaQ units to the fluxing
process (i.e. partial substitution for quicklime). Nat orily is this technically feasible but the cost
dewn benefits are often substantial accarding to the numbers stated in varicus studies. In
fact some researchars claim that the cost benefit from using dolamitic quicklime as a fluxing
agent may be as high as 20 par cent,

As far as the MSP Group (Kulpara Mine) is concermned these study findings strongly support
further investigation inta the calcination petential of the THAAUMIne dolomite and its ability
to yield a high grade dolomitic quicklime for the steel industry.

In ralation to the Hismelt process at Kwinana (WA} the dolemnite from the OneStesl
Operation at Ardrossan (S.A.) was chosen as the preferred fluxing material. However, should

the MSP Group be able to valus-add its dolomite through the manufacture of dolomitic
quicklime, a strang case can bea put forward, based on the research conducted overseas, to

justify the change to dolamitic guicklime.
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If appreciabls tonnes of dolomitic quickiime can be produced then the Group would
have the apportunity to market the product to other steel plants | producers as a superior
fluxing agent. This facter is of significant impertance given the fact that the quicklime
currently available in Western Australia is generally of a low grade and is considerad by
usars 1o ba about 10 - 20% more expensive than in other developed couniries,

The calcination trials currently being conducted on the Kulpara dolomite by Maerz Ofanbau
in Switzarland will enable a definitive cost-banaflt analysis to ke undertaken. Should this
analysis yield satisfactory results it will furthar undergird the current market research and
development study and enable he Group o make a concerted marketing thrust into 2
the steel industry as well as other strategic industry sectors,

Prepared by Mineral Sirategies
July, 2003

37

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

December 1, 2007

Attention: Neil Thomas

Mineral Holdings Australia Pty Limited
11 Kent Court

Toorak, VIC, 3142

Dear Meil

Re: C crystalline dolomitic limestone resource in Tasmania

Following on from your correspondence with Mr. David Mendelawitz of the Fortescue
Metals Group regarding the cryptocrystalline carbonate resources in Tasmania | am
pleased to offer some additional insights which | believe will contribute significantly to
the discussions,

As you are aware Mineral Strategies Pty Lid has completed a number of extensive in-
house reports pertaining to carbonates (i.e. limestone, dolomite and magnesite) and
their associated manufactured end-products (i.e. quicklime, dolomitic lime, magnesia,
precipitated calcium carbonate, basic magnesium carbonate etc.) with a specific focus
on the domestic and near-international markets.

These investigations have shown that the domestic market for high grade carbonates
from your Tasmanian deposits can be realistically set at one (1) million tonnes per
annum and covers a wide variety of markets.

In addition, you may recall that we undertook two separate investigations into the
establishment of a 100,000 tonne per annum dolomitic lime (Ca0 MgQ) plant and a
150,000 tonne per annum magnesia (MgQ) plant in Tasmania based on MHA's high
grade carbonates. Both of these projects returned IRR's (Internal Rate of Return) of
35% (at ten years} and excellent NPV's (Net Present Value) at discount rates of fifteen
(15) per cent.

In terms of sales price this is very much dependent on the degree of processing (e.g.
raw carbonate versus calcined products), the specific parameters of the end product
and the markets into which the product(s) are being sold. In the civil construction
market dolomite and dolomitic limestone (as rubble, scalps etc.) can sell for as low as
$15.00 per tonne but once processed (i.e. calcined. hard burned ete ) can sell for
hundreds and even up to thousands of dollars per tonne in specialised markets

(pharmaceuticals, chemical additives efc ).
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Obviously our previous investigations and associated reports are too extensive to
outline in detail in this letter but we are certainly able to undertake a separate study if

required.

In terms of energy differential you may also be aware that | have undertaken separate
investigations into the performance of various carbonates in vertical shaft and rotary
kiln environments. If we look specifically at dolomitic limestone {often used in the sleel
industry because of the magnesium units — helps to control slag basicity) the average
heat consumption in a vertical paraliel twin shaft regenerative kiln is 5,200 MJ/tonne
whilst a standard rotary kiln is around 9,000 MJftonne Electricity usage is small by
comparison with approximately 35 kWhrtonne required for dolomitic guicklime
manufacture.

As far as China is concerned rotary kilns are the most common kiln type used for
calcining carbonates. To this end, the energy usage (in terms of input) for most
dolomitic quicklime (calcined dolomitic limestone) out of China is often 75% more than
for the same sized vertical shaft kiln (parallel twin shaft regenearative),

Possibly of even greater concern, given the advent of carbon trading schemes, is the
amount of off-gases that are generated by rotary kilns as compared to vertical parallel
shaft kilns. For dalomitic limestone a vertical parallel shaft kiln will generate less than
1.5 kg NO, / tonne whilst a rotary kiln will generate approximately 3.0 kg NO, / tonne.
In relation to carbon monoxide (CO) a vertical parallel shaft kiln will generate
approximately 5.4 kg CO / tonne of dolomitic quicklime whilst a rotary kiln will generate
approximately 26,7 kg CO/ tonne of dolomitic quicklime.

In virtually every circumstance a vertical parallel shaft kiln will generate considerably
less NOy, CO, SO and dust than a rotary kiln and with significantly less energy inputs.

Of course this does not take into account the difference in physical characteristics of
the dolomitic limestone from place to place. Mineral Holdings Australia's Tasmanian
dolomitic limestone is cryptocrystalline (very fine grained) and very well indurated
{high compressive strength) with the grain boundaries being very well sutured
(excellent thermal conductivity). Many of the dolomitic limestones in China, Malaysia,
Japan (mainly low Mg levels) and India (poor infrastructure and quality contral) are
macrocrystalline (moderate to coarse grained), have lower compressive strengths and
exhibit poor thermal conductivity.

The importance of this must not be overlooked as these characteristics have a major
impact on the overall performance. A macrocrystalline dolomitic limestone with a poor
to moderate compressive strength will have a tendency to break down in the heat
zone (irrespective of the kiln type) — a phenomenon known as decrepitation. When
decrepitation occurs the air flow within the Kiln is adversely affected, the heat zone
tends to shift or become distorted and under or over-burning also occurs.
Macrocrystalline dolomitic limestone can generate 3 — 7% by weight of decrepitated
material which has a major impact on energy usage as well as off-gas generalion
{maore stone required for the same end result).

In terms of the physical and chemical characteristics of MHA's dolomitic limestone
resource in Tasmania | am sure you will be able to fumish FMG with all of the
necessary information. Suffice to say MHA's dolomitic limestone is possibly the most
consistently graded and extensive resource of its kind that | have observed.
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In relation to the tenements in Tasmania | am sure you will have that aspect well
covered and from my previous discussions with the relevant government departments
| see no reason why a calcining project in Tasmania could not be fast-tracked through
the approval process. Incidentally, my direct discussions pertaining to gas and
electricity supply have shown that there js ample capacity at very good market prices
far such an undertaking.

As far as environmental restrictions are concerned you will be much better able to
answer this question. From our previous discussions and the information obtained
from the relevant authorities | am not aware of any specific environmental restrictions
and believe that the only outstanding consideration may be the development of a
Mining and Rehabilitation Plan (MARP),

I also concur with your assessment of the Port Latta facility which is able to
accommodate Cape-sized vessels and currently has an excess capacity of
approximately 8 million tonnes per annum, Depending on the shipping configuration it
is possible that subsidies may be available from the Tasmanian Government to
encourage additional industries to the region. .
s

MHA’s Tasmanian carbonates (limestone, dolomitic limestone Aan::l magnesite) are
world class in terms of their areal extent, chemical punty, chemical consistency and
physical characteristics (grains size, compressive strength, thermal conductivity) and
represent an excellent opportunity for development given the low sovereign risk, ready
access to infrastructure and utilities, pro-development government and both domestic
and international market trends.

If you require any further input please do not hesitate to contact me.

Many regards

AN S Keaary

Andrew Graham - Principal

Materials Technolony - Business Development - Innovation - Resaurce Development |
Stiateqic Planning - Waste St ategies - Environmental Systems
Commadities Brokerage - Project Management - Research and Developmant [
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Appendix 3.

Andrew Graham on

Raw Materia Congderations in a Carbon
Constrained Economy.
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Raw Material Considerations in a Carbon Constrained Enn-nnmy -

Asowe inovitably move towards a carbon conslrained economy (sea clin::us'_.siun bl it will
hecome :nrreaamgly |rn|:>r.1rt=!r|l for businesses to address the risks and opportunities
presented by global warming and particularly the issues surrounding ehl.-:-rgy usage and
Green House (Gas [(GHG) generation.

Businesses that are both high energy users and high GHG generators are going to be
hardest hit and will have to be ealy adopters in environmentally fiendly inhovations in order
ior ramain viable. This is parliculardy perinent given the rapid rise of the carbon lrading
scheme which is lkeby to become a truly global phenomenon in the near fulure,

Kyoto Protocol

0in 4 December 2007, Prime Minister Rudd signed the instrument of ratification of the Kyoto
Profocol as the first official act of the new Australian Government, Subsequently, Australia
has committed to meeting its Kyoto Protocol targel, and has sel altarget o reduce
greenhouse gas emissions by 60 por cent on 2000 leveis by 2050,

bl L] "

Hawing entered inlo foree three years ago, and with the first commitment period just started,
the Profoeol is now in full implementation mode. The Clean Development Mechanism (COM)
and tha European Union Emissions Trading Scheme (EUETS) continue to be the major
drivers in the international Kyolo market, but both are heading for a period of uncertainty.

The COM has grown rapidly through 2007 with over 900 projects having bizen approved and
Ihese are expected to generate over 1 billion tonnes of CO; e (carbon dioxide equivalent)
abatement, However, sncertainty about kow the market for prosect credits will evolve Beygnd
2012 could start to afect project development and approvals.

As a party to the Kyolo Protocol, Australia now has an opportunity to participate more
actively in the CDOM. Austraia will move to establish a national registry and a Designated
Mational Authorty (DN&) to facilitate COM activity. Whan a DMNA s established Austraian
companies will be able to look to this agency to suppert their involvement in COM projects
and will ba able to hold Cerified Emissions Reductions (CERs] in the Auslialian registry,

|
The Carbon Market '

The global carbon market continues to grow rapidly with market turnover in 2007 of arcund
268 billion tonnes per year valued at around ARG billion. This is up from around 1.6 bitlion
tennes and AR5 bilion in 2006 tradad volume s roughly divided 2:1) betwean trade in
allocated “allowances® and trade in project-based credilts although the bdlan{:t, is moving in
favour of project credits, parliculady CERs. The vast majority of thiz volume of trade is
intended for compliance with the Kyoto Protocol,

Trading activity in the EU ETS is shifting from fiest pilot phase (2005 - 2007) trading to the
main second phase (2008 - 2012). Phase 1 concluded with European| Union Allowances
(ELANPT) proces below €1 reflecting the oversuplpy inharent in the Phase 1 allocation, A
maore rigorous aliocaion proess has now baen applied for Phase 2 with many proposed
natisnal alloegtion plans (NAPs) haeing cut by the European Commission, So far this has
resulled in ELUA(PZ) forward prices in the second hall of 2007 and spol grices in early 2008
in the rangs €20 — 24 (A§35 - 41),

42

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

The Carbon Constrained Economy |
|

Gurrently, industrialised nation's economies are essenlially carbon thhsed. in as much that,
carbon based energies such as coal and oil are the miajor natural raﬁnurces used in energy
production and transporiation. Howaver, the production and use of carbon based enerdy
results in ever increasing amounls of carbon dioxide being released into the atmosphers,
increasing the greennouse effect and accelerating global warming.

Countries around the world are now seaking ways lo reduce the amaount of gresnhouse
gases released into the atmosphara by human activity in order to ameliorate global warming
and the greenhouse effect. The actions being undertaken have rebulted in many pecple
concluding that the world s heading toward a carkon constrained econcmy, A carbon
ronstrained economy is an economy which has o deal with the future effects of global
warming (such as increased insurance premiums caused DY increased severs weather
evants), and constraints on the amissions of greenhouse ases.

Many companies, their shareholders and governments now view gighal warming as a redl
financial risk. In a carbon constrained economy companies and govemments will nead (o
address the risks and opportunities presented by global warming, and changes (o energy
production and usage. The heavy reliance on carbon based enengy will need o changs dus
to shareholder pressure and probable taxes on greenhouse gas emissions. Once the
reliance on carbon based energy has changed, the world will gnler into the carbon
constrained economy.

Tha Calcination of Carbonates & Energy Usage
In order to further understand the impact that various calcined carbonates have on COy
emissions it is important that certain assumptions be mace;

1. all of the carbonales will be considered as the same feed size for the sake of these
calculations (i.e. nominal 50 mm).

2 The carbonates will be calcined via a twin-shaft regenerative kiln (gas fired) al a fop
temperature of 1,200 °C, i

3 The percentage of decrepitation will have a direct impact on the amount of carbonate
available for calcination as well as the efficiency and effectivenass of that calcination,

4, Fine~grained carbonates calcing more effectively than coarse grained carbonates due
to heat transfer efficiencies across grain boundaries.

Heal transfer is more effectve and efficient in carbonatas -.-ui'th a higher unconfined
compressive strength (UCS) |

n

B. Whilsl chemical impurities such as Si0; and FeaOs will certainly affact the gquality and
perormance of the final product they are nat always detrimental in the calcining
process itsell {can transfer heal effectively) and s such will be considered as neutral
contributors in the calcining process. [

[ The decomposition temperature depends on the partial presaium of the GO, present
in the process atmosphere and as such will ba assumed to be 100% CO; at normal
atmospheric prassure.

B That each carhonate material only needs to be burnt once which is achievabla with
madern kiln technology for each of the slone ypes listed in Tatde 2,
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|
[
Caleination Process |
The calcination or buming of limastone, dolomite and magnesite s a simple chemical

process, When healed the carbonales thermally decompose aoq'ording lo the following
equations: [

i
CalC0y, + approx. 3,180 kJ (760 kcal) = Cal + COy |

CaMg{COs), + approx. 3,050 kJ (725 keal) = CaOMgO +2C0; |

MgCOs + approx. 2,920 kJ (700 kcal) = Mg0 + GO, '

in an atmosphere of 100% GOy, the initial dissaciation temperature| for imestone would be
900 G, Dolomite decomposes in lwo stages starting at approximately 550 °C for the MgGOy
portion and approximataly 810 °C for the calcium carbonate {CaC0s) and a high purily
magnesite (MaCO.) will begin to thermally decompose as low as 350°C.

As stated in the previous synopsis it requires approximately 1.8 lonnes of limestons,
comprising 98% GaC0s,, lo produce one (1) fonne of quicklime (Ja0); approximately 2.0
tonnes of dolomite, comptising equal parts of CaCOj and MgCO; to make one (1) tonne of
dolomitic fime (Ca0.Mg0O) and 2.15 tonnes of magnesite, compfising 98% MgCO,, to
produce one {1) tonne of magnesia (MgO). [

In order to fully calcine the stone (whether it is limestone, dolomite or magnesite) and to have
no residual core, heat supplied to the stone surface must penetrale via conductive heat
transfer to the core. A temperature of 900 “C has to be reached in the core at least for a
short period of time since the atmosphere inside the material is pure CO, The stone surface
must be heated to greater than 900 °C to maintain the required temperature gradient and
overcome the insulating effect of the calcined material on the stone surface.

As oullined in the assumptions above the carbonates will have a nominal raw feed size of 50
mm and will be heated to 1,200 °C to facilitate complele calcination. |

Stone Size Calcining temperalire Approx. residence time
[rmim] | [hours]
50 1,200 0.7

Whilst a higher calcining temperature has the potential to generale pver-burnt material the
major benefit comes from the much smaller residence time which impacts directly on tha
stones ability to remain intact through the calcining process. Thermal shock {and associated
cracking) can also occur at these higher calcining lemperature but most twin shaft
regenerative kilns pre-heat the stone thereby overcoming this phenomenan,

in terms of burning efficiencies the propansity of a carbonate [o dec pitate (i.e. break down
in a calcining environment due (o poor compressive strength, pool grain strength and/or
large grain size) is the primary factor in determining which c;arboniataﬁ will behave more
efficiently and thereby generate less COp emissions, [

A study undertaken by the author in 1996 enlitled, "Investigations into Blast Affected Marble
al the Penrice Quarry”, revolved around the tendency of "wet” explosives te generate a fabric
(structural weakness) in the Penrice Marble such that it would break down readily in the
company's vertical shaft kilns. This phenomenon was essentially artificially induced
decrepitation. The sludy showed that up to 6.6% of the marble would report as either hard
burnt of un-bumt and as such was useless for on-processing. Whilst the bulk of the
dacrepitation was essentially blast-induced it did allow the phanm‘ﬂ'_&nm to be studied in
detail including the role that kiln function and configuration play in the overall performance of

the carbonate.
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|
in terms of the Penrce Marble it was observed that the stone usagL- could increase by as
much as 25% when highly decrepitating material was used. This was IJ'IDI just due to the poor
performance of the decrepitating marble but also the fact thal when it broke down into
granular material it interrupted the airflow in the kiln creating m% and hot spols which
affected the quality of the end product (i.e. soft and hard burnt materizf).

It should also be noted thal the Penrice kiln feed comprised lwo sjze ranges which were
mixed together, namely 40 — 80 mm and 80 - 120 mm. This enabled the marble resource (o
be optimized but did create some operational issues within the kilns. Having taken all of
these issues into account aleng with the fact that the kilns were fired by coke (heal zone is
harder to control) it was determinad that the highly decrepitating marple was responsible for
an apparent drop off in the total carbonate content of around 2.5 = 3.0,

Thus, in order to formulate good comparative data | have listed a number of criteria againsl
which each carbonate was judged and assigned a "penally” factor [for each characteristic
identified as impacting on the final product. Variables such as feed size and kiln type have
been assumed a constant as outlined in the assumptions above, l

!
Whilst grain size and the compressive strength of the carbonate are major determinants in
the occurrence and degree of decrepitation they are also important in their own right as they
influence the rate of heat transfer and the ability of the stone to stay intact on its passage

through the heat zone. i

The grain size and the compressive strength have been determingd to be largely linear
relationships and as such have been assigned penalties accordingly. |

Decrepitation Potential Penalty (% impact on available carbonate)
Low 0.5 % ,

Lowr — medium 1.0% [

Medium 1.5% |

Medivm - high 20%

High 2.5 %

Grain Size Penalty (% impact on available carbonate)
Very fine 0.0 % f

Fine 0.2 %

Fine — mediurm 0.4 %

Medium (L6 "

Coarse 0.8 %

Compressive Strength (UCS) Penalty (% impacl on available carbonate)
High 0.0 % -

Medium — high 0.2% .

Medium 0.4 % !

Low — medium 0.6 % [

Low 8 Yo

Table 7 shows a compilation of the various penalties and their jmpact on the overall
availability of carbonate for each material.

The various carbonales in Table 2 have been ranked in lerm§ of their overall kiln
performance relative to the best performing material (i.e. grealest conversion of carbonate
into the calcined end product) as well as the energy usage required {oi calcimation,

It should be noted that the energy required to converl MgCO, to MJO is considerably less
than that required to convert GaCOy to Cal (see above) and as such the: raw materials with
a greater MgCO; content will require less energy for thermal decomposition.
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Table 1 records the energy usage in Terajoules (10" Joules) per {thousand tonnes of raw
fead.

Electricity usage (consumption) in a standard twin shaft regenerative kiln is typically 23
MWhr per thousand tonnes of end product which can be back calculated lo the raw material
inpul an the basis of how many tonnes of each raw material is reqlired to produce one (1)
tonne of calcined product. These figures are listed in the previpus report and can be
weighled against the respective components (i.e, CaCOy & MgCO,) in each raw malerial,

For example, il requires approximately 1.8 tonnes of limestone, l:m]nprising 98% CalC0,, to
praduce ona (1) tonna of quicklime, Thereforae, the electricity usage will be equivalent to 12.8
MW hr per thousand tonnes of limestone.

There are many factors that confribute to the overall performance [of any given carbonate
within a calcining environment with actual “field” Irials offering the best opporlunity for
gathering absolute values, Nevertheless, the attached tables do give a very sound
comparative base from which to work and good approximations of the necessary energy
inputs.
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